The trial was conducted with Lithuanian Black-and-White bulls of 10 to 16 months age. The bulls were divided into analogous groups according to their origin, age and weight. During the trial the bulls in both groups were offered the same amount of maize silage, clover-oat-pea mixture silage and compound feed, the only difference being the composition of compound feeds. The aim of the study was to investigate the effects of compound feeds containing rapeseed and linseed cake and different amounts of n-6 and n-3 fatty acids on the fatty acid pattern in the longest muscle of the back (Musculus longissimus dorsi) meat of Lithuanian Black-and-White fattening bulls. Fatty acids n-6:n-3 ratio in rapeseed cake was 2.75, and that in linseed cake 0.25. More favourable ratio in linseed cake was determined by higher content of linolenic acid (C18:3n-3). Different feeding of bulls as regards rapeseed and linseed cake, fatty acid content and n-6:n-3 ratio had no significant influence on the weight of bulls prior to slaughter, carcass weight and yield, lean meat content and fatness grades. According to the SEUROP carcass classification system, the carcasses in both groups of bulls met the requirements for lean meat content O and fatness 2 grades. The study indicated that ground beef contained 49.93% higher (P < 0.05) content of linolenic acid (C18:3n-3) when the animals were fed compound feed with linseed cake and, therefore, higher n-6:n-3 ratio was influenced by a higher content of this acid in the feed. The study also indicated that total n-3 fatty acid content was 1.3 times greater and n-6 to n-3 fatty acid ratio was found 1.5 times lower (P < 0.05) in M. longissimus dorsi when feeding bulls linseed cake.
Introduction
Oilseed rape growing in Europe has recently significantly increased. Rapeseed growing is important in oil and biofuel production and especially for animal feeding. Rapeseed processing into oil produces a by-product -rapeseed cake (Kaldmäe et al., 2006) . Rapeseed cake contains protein, is rich in minerals, vitamins (especially B group) and is characterized by high energy value due to high fat content (Sarwar et al., 2013) . However, the use of rapeseed cake in the rations of lactating cows and fattening bulls is restricted by the amounts of glucosinolates, fitinic acid, tannins and sinapicacid because these anti-nutritional compounds could have a negative effect on protein digestibility and worsen the sensory qualities of the feed. Various methods of rapeseed breeding and feed production technologies are applied in order to reduce the amounts of these antinutritional compounds. Despite the above anti-nutritional factors, rapeseed is characterized by a favourable fatty acid composition, quite a good ratio of n-6 to n-3 fatty acids, comparatively high content of oleic acid, which reduces blood cholesterol, and high energy value of the feed (Rule et al., 1989; Komprda et al., 2002) .
Currently, the use of linseed cake has also increased because more food products are being made containing components beneficial to human health. Linseed cake contains about 30% protein and a high content (23.59 g kg -1 ) of polyunsaturated fatty acids. The content of linoleic acid (C18:2n-6) in linseed cake amounts to even 5.52 g kg -1 , therefore, the use of this feedstuff is rapidly increasing with the aim of improving n-6:n-3 ratio in animal products as well as their nutritive value and quality. However, linseed cake contains cyanogenic glucosides that might induce poisoning. Despite the fact that the digestibility of linseed protein is high, the content of lysine is insufficient. Furthermore, linseed in the richest oilseed source of linolenic acid (Ebrahimi et al., 2013) .
Linseed is a good source of linoleic acid (C18:2n-6) and especially linolenic acid (C18:3n-3), n-6 and n-3 polyunsaturated fatty acids (PUFA), which are essential because mammals, including humans, cannot endogenously synthesize them and must adopt endogenously from dietary sources. In spite of its high nutritive value, linseed has not been effectively exploited in animal feeding (Ebrahimi et al., 2013) .
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Over the past two centuries, human intake of n-6 and n-3 fatty acids has changed in the wrong direction. The ratio of these acids increased from 2-4 to 10-30 and more. Social studies established that there is a steadily increasing consumer interest in foods with these fatty acids (Vanhala et al., 2012) . n-3 fatty acids, monounsaturated fat, polyunsaturated fat and unsaturated fat have important roles in the diet. Some unsaturated fat such as n-3 fatty acids are sometimes consumed at a level lower than recommended, accredited by Commission Regulation (EC) No. 1924 amending Commission Regulation (EU) No. 116/2010 Lately, the number of people concerned about maintaining a healthy diet has increased. The consumption of fat has reduced as it has been related to human cardiovascular diseases, obesity and cancer (Jiménez-Colmenero et al., 2001) . However, fat represents between 25-30% of the total body weight of an individual adult and perform important functions in the body (Hegarty, 1995) . Thus, fat must be present in the diet, especially some polyunsaturated fatty acids, which, if not consumed in the necessary amount, may alter the perfect functioning of the body, since they cannot be synthesised by it. The bovine meat fat presents approximately 48% of saturated fat and 52% of unsaturated fat (Jiménez-Colmenero et al., 2001) . Since saturated fatty acids are not essential and have been associated with health problems (Jiménez-Colmenero et al., 2001; Sailas, Spener, 2009 ), bovine meat consumption may be prejudiced due to the search for healthier diets. According to this, many studies have been conducted to decrease the proportion of saturated fatty acids and increase the polyunsaturated fatty acids of the meat. Dietary manipulation of muscle and adipose tissue was proven possible and the potential to enrich ruminant tissues with n-3 PUFA has been demonstrated (Marmer et al., 1984; Scollan et al., 2001; . One of the studies (Warren et al., 2008) examined the effects of breed and diet on the fatty acid composition of beef M. longissimus dorsi. The breeds tested were Aberdeen cross and Holstein-Friesian, fed on a concentrate or grass silage, rich in n-6 and n-3 PUFA, respectively. The increase in the levels of n-3 series fatty acids with silage feeding resulted in beneficially low n-6:n-3 ratios in muscle in all age groups, approximately 1.2 compared with 12.0 in the concentrate diet (Warren et al., 2008) . The study conducted by Do Prado et al. (2003) showed that steers fed on only pasture forages could result in a fat deposition with a higher amount of polyunsaturated fatty acids, which would lead to a healthier aliment, with lower saturated fat contents. The main objective when growing animals for meat is to keep a beneficial n-6:n-3 ratio and at the same time increase the amount of polyunsaturated fatty acids . Drouillard et al. (2004) and Nuernberg et al. (2005) indicated that the content of n-3 fatty acid was significantly higher in the meat from cattle fed linseed supplemented diets.
It is advised by health specialists to reduce the amount of saturated fatty acids and increase the amount of polyunsaturated fatty acids in human diets. In order to change fatty acid composition in meat, milk and eggs, and to make these products healthier for human consumption, more attention should be paid to the feedstuffs and ingredients of the animal diet (French et al., 2000; Scollan et al., 2001; Dewhurst et al., 2003; Nuernberg et al., 2005) .
The purpose of our study was to investigate the compound feed with either rapeseed or linseed cake used for fattening bulls with different contents of n-6 and n-3 fatty acids in bovine M. longissimus dorsi and ground meat.
Material and methods
A trial with Lithuanian black-and-white bulls was carried out in 2010. Twelve-month-old healthy bulls were divided into analogous groups according to their origin, age and weight. The bulls were kept tethered, automatically watered and housed under the same conditions. During the trial, the bulls of both groups were given the same amount of maize silage, clover-oat-pea mixture silage and compound feed. The only difference was the composition of the compound feed. Silaged feeds were given per group, while compound feed was offered individually. The bulls were fed twice daily -in the morning maize silage ad libitum and 2 kg compound feed was offered, while in the evening the bulls were fed clover-oat-pea mixture silage ad libitum and 2 kg compound feed. The composition of compound feed with rapeseed cake was crushed barley grain -33%, crushed triticale -33%, crushed oats -17%, rapeseed cake -15%, mineral-vitamin supplement -2% (composition of Vita-Prem G-24 premix: vitamin A -18 IU (international units), vitamin D -3.6 IU, vitamin E -90 mg, manganese (Mn) -150 mg, zinc (Zn) -150 mg, cuprum (Cu) -36 mg, iodine (I) -4.2 mg, selenium (Se) -0.75 mg, cobalt (Co) -1.5 mg). The composition of the compound feed for the second group was analogous, except that rapeseed cake was replaced by 15% linseed cake. At the end of the trial, six bulls from each group were slaughtered. Samples of M. longissimus dorsi, 0.5 kg, and ground meat, 1 kg, were taken from left side carcasses. Relative fatty acid contents were analyzed in M. longissimus dorsi and ground meat.
Feed samples were collected to determine the chemical composition and fatty acid content. The feeds were analyzed for dry matter, crude protein, crude fat, crude fibre, crude ash (AOAC, 1990) ; calcium by the method of atomic absorption, phosphorus by the photometric method using molibdovanadate reagent (AOAC, 1990 ). The energy value of the feeds for cattle was calculated according to Jeroch et al. (1999) .
The extraction of lipids for fatty acid analysis was performed with chloroform/methanol (2:1 v/v) as described by Folch et al. (1957) . Fatty acid methyl esters were prepared using the procedure of Christopherson and Glass (1969) . The fatty acid methyl esters were analysed using a gas-liquid chromatograph "GC-2010 Shimadzu" (Japan) fitted with a flame ionization detector. The separation of methyl esters of fatty acids was effected on a capillary column "Rt-2560 Restek" (USA), 100 m × 0.25 mm × 0.25 μm. The relative proportion of each fatty acid was expressed at the relative percentage of the sum of the total fatty acids. Lipid quality indices -atherogenic index (AI) and thrombogenic index (TI), were calculated according to Ulbricht and Southgate (1991) The data were processed using STATISTICA for Windows, version 7. The differences were significant at P < 0.05. ISSN 1392 -3196 Zemdirbyste-Agriculture Vol. 102, No. 3 (2015 321
Results and discussion
Cake composition. The analysis of the chemical composition of rapeseed and linseed cake indicated that rapeseed cake contained by 5.54% more crude protein and 43.63% calcium. Linseed cake contained more dry matter -2.0%, crude fat -87.6%, crude fibre -42.7% and phosphorus -25.65%. The energy value of linseed cake was 10% higher than that of rapeseed cake (Table 1) . 58.59 n-6:n-3 2.75 0.25 SFA -sum of saturated fatty acids, MUFA -sum of monounsaturated fatty acids, PUFA -sum of polyunsaturated fatty acids; P:S -ratio of PUFA to SFA; n-6 -sum of n-6 PUFA, n-3 -sum of n-3 PUFA, fatty acids n-6:n-3 ratio; ndnot detected Rapeseed cake was analyzed for per cent ratio of fatty acids. Oleic acid (C18:1n-9) accounted for 57.82%, linoleic (C18:2n-6) -for 23.80%, linolenic (C18:3n-3) -for 8.66% and palmitic (C16:0) -for 5.42%. The percentage of linolenic (C18:3n-3), oleic (C18:1n-9) and linoleic (C18:2n-6) acids in linseed cake was 58.89, 18.11 and 14.60 %, respectively. Low amounts of behenic (C22:0), erucic (C22:1) and decosenoic (C22:2) acids were found in rapeseed cake, whereas linseed cake was devoid of the above-mentioned acids. Komprda et al. (2002) found 55.4% oleic (C18:1n-9), 20.6% linoleic (C18:2n-6) and 6.1% linolenic (C18:3n-3) acids in rapeseed cake. High content of oleic acid predetermines high content of MUFA in rapeseed cake. In linseed cake the content of linoleic (C18:2n-6) acid accounts for 58.59% of the total amount of fatty acids, therefore, the ratio of PUFA in linseed cake is by 2.2 times higher than that in rapeseed cake. The quantitative ratio of n-6 and n-3 fatty acids in rapeseed cake is 11 times higher than that in linseed cake (Table 1) .
Carcass and meat quality data. At the end of the trial, the bulls of both groups were slaughtered. The finish weight of the bulls fed compound feed with rapeseed cake was 427.5 kg, and that of bulls fed linseed cake was 435.0 kg, or 1.75% higher. However, the carcass weight was higher in rapeseed cake group 213.2 kg, whereas in linseed cake group it was 212.2 kg, or 0.5% lower. Consequently, the dressing percentage in linseed cake group was 1.06% lower. Bull feeding with compound feeds containing different cake, fatty acid contents and omega 6:3 ratios had no significant effects on the finish weight, carcass weight and dressing percentage (Table 2) . According to SEUROP carcass classification, the carcasses of both bull groups met the requirements for lean meat content grade O and fatness grade 2 (fatness grade 1 means carcass the lowest fat content and grade 5 -the highest fat content) (Nogalski et al., 2012) . The fatness of carcasses was sufficient. Bendikas et al. (2008) indicated that the above distribution by lean meat content and fatness grades is characteristic of dairy bulls grown for meat.
Fatty acid compositions. The beneficial effects of PUFA depend on the ratio of n-6 PUFA to n-3 PUFA; it is generally accepted that the ideal proportion of n-6 to n-3 is around 4:1. The beneficial effect is obtained with a daily intake of 2 g of linolenic acid (C18:3n-3) and a daily intake of 10 g of linoleic acid (C18:2n-6) n-6 (Commission Regulation (EU) No. 376/2010).
The analysis of the fatty acid content in M. longissimus dorsi indicated that higher fatty acid content was found in the rape cake group for stearic (C18:0) 2.66% (P < 0.05) and octadecadienoic (C18:2n-6) 0.61% acids (Table 3) . However, in the linseed cake group higher fatty acid content was found for palmitic (C16:0) 2.1% (P < 0.05), hexadecenoic (C16:1n-9) 0.66% (P < 0.05), octadecenoic (C18:1n-9) 0.46%, linolenic (C18:3n-3) 0.31% (P < 0.05) and eicosapentaenoic (C20:5n-3) 0.12 (P < 0.05) acids. There were no significant differences for the other fatty acids observed or they were not detected.
To conclude, 0.55% higher total sum of saturated fatty acids content was found when bulls had been fed compound feeds containing rapeseed cake vs. linseed cake. Conversely, 0.96% higher total MUFA content was determined when feeding linseed cake vs rapeseed cake. Insignificantly, 0.38% higher total PUFA content was found when feeding rapeseed cake in comparison with linseed cake. Total n-3 PUFA content was 0.44% (P < 0.05) higher when bulls were offered linseed cake than rapeseed cake. The recommended ratio is lower than 4. However, domestic animals produce an undesirably high n-6:n-3 ratio in meat (Wood et al., 2003) . Other authors Do Prado et al. (2003) and Nuernberg et al. (2005) indicate fatty acid composition differences between the breeds; however, there are few data on compound feeds
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The influence of compound feed enrichment with rapeseed and linseed cake on the meat characteristics and fatty acids composition of beef bulls for cattle with different amounts of n-3 and n-6 fatty acids. Herdmann et al. (2010) observed that cattle diet supplementation with feeds containing linolenic acid (C18:3n-3) resulted in significantly higher content of n-3 fatty acids and lower content of n-6 fatty acids in bovine meat. This is in agreement with the findings of Scollan et al. (2006) , Wood et al. (2008) and Herdmann et al. (2010) . In our study, n-6:n-3 ratio in M. longissimus dorsi was about 30% (P < 0.05) higher when bulls were offered linseed cake (Table 3 ). The atherogenic (AI) and thrombogenic (TI) indices did not differ in between. The analysis of the fatty acid content in ground bovine meat indicated that higher fatty acid content had been found in the meat of bulls fed rapeseed cake, i.e. myristic (C14:0) by 0.12%, palmitic (C16:0) by 0.48%, hexadecenoic (C16:1n-9) by 0.23% and octadecenoic (C18:1n-9) by 1.67%. However, feeding with linseed cake resulted in higher contents of stearic (C18:0) by 0.49%, vaccenic (C18:1n-7) by 0.11%, linoleic (C18:2n-6) even by 1.02%, linolenic (C18:3n-3) by 0.54% (P < 0.05) and arachidonic (C20:4n-6) by 0.16% acids. There were no significant differences observed for the other fatty acids or they remained unidentified (Table 4) .
Clinical studies have shown that there is a lower probability of heart diseases when the content of saturated and unsaturated fatty acids is changed, especially that of n-3 fatty acid content, in comparison with simply lower consumption of total fats (Sanders, 2003) .
In conclusion, 0.28% higher content of sum of saturated fatty acids was determined when feeding bulls with rapeseed cake compared to linseed. Herdmann et al. (2010) observed that cattle diet supplementation with feeds containing linolenic acid (C18:3n-3) resulted in significantly higher content of n-3 fatty acids and lower content of n-6 fatty acids in bovine meat. The total MUFA content was determined to be 1.73% higher when bulls were fed compound feed containing rapeseed cake compared to linseed cake. The total PUFA content was determined to be 1.8% higher when bulls were given linseed cake in comparison with rapeseed cake. The total n-3 fatty acid content was 0.73% (P < 0.05) higher when feeding linseed cake vs rapeseed cake. The results from the trial indicated that n-6:n-3 ratio was lower when bulls had been fed compound feed containing linseed cake. 8.20 ± 3.14 9.28 ± 1.20 Total n-3 2.02 ± 0.58 2.75 ± 0.46 n-6:n-3 3.98 ± 0.55 3.41 ± 0.34* AI 0.51 ± 0.08 0.49 ± 0.03 TI 1.11 ± 0.17 1.04 ± 0.05 Trans-isomer 2.61 ± 0.41 2.79 ± 0.31 SFA -sum of saturated fatty acids, MUFA -sum of monounsaturated fatty acids, PUFA -sum of polyunsaturated fatty acids; P:S -ratio of PUFA to SFA; n-6 -sum of n-6 PUFA, n-3 -sum of n-3 PUFA, fatty acids n-6:n-3 ratio; AIatherogenic index, TI -thrombogenic index; nd -not detected; * -P < 0.05
Feeding of bulls with the compound feed containing either rapeseed or linseed cake had no significant effect on the finish weight of bulls, carcass weights and dressing percentage, lean meat content and fatness grades being O and 2, respectively. M. longissimus dorsi analyses indicated that feeding bulls compound feeds with linseed cake resulted in higher total n-3 fatty acid content (P < 0.05) and more favourable ratio of n-6:n-3 fatty acids. 2.24 ± 0.25 2.10 ± 0.42 SFA -sum of saturated fatty acids, MUFA -sum of monounsaturated fatty acids, PUFA -sum of polyunsaturated fatty acids; P:S -ratio of PUFA to SFA; n-6 -sum of n-6 PUFA, n-3 -sum of n-3 PUFA, fatty acids n-6:n-3 ratio; AIatherogenic index, TI -thrombogenic index; * -P < 0.05 ISSN 1392 -3196 Zemdirbyste-Agriculture Vol. 102, No. 3 (2015 323 Conclusions 1. Our study indicated that the content of linolenic acid (C18:3n-3) was 49.93% higher in linseed cake than in rapeseed cake. Ratio of n-6:n-3 fatty acid in rapeseed cake was 2.75 and in linseed cake -0.25. More favourable ratio in linseed cake was determined by a higher content of linolenic acid (C18:3n-3) in it.
2. Bull feeding with rapeseed, linseed cakes had no significant influence on the dressing percentage, leanness and fatness grades and morphological composition of carcasses.
3. The content of linolenic acid (C18:3n-3) in ground meat was significantly higher when bulls had been given linseed cake (P < 0.05), and, therefore, higher content of this acid in the feed had a positive effect on n-6:n-3 ratio. Musculus longissimus dorsi analyses indicated that feeding bulls compound feeds with linseed cake resulted in higher total n-3 fatty acids content (P < 0.05) and more favourable ratio of n-6:n-3 fatty acids.
